association was observed in ENAM allele distribution shown with phosphate level in saliva (p = 0.049). In conclusion, our results are the first to report that genetic variations contribute to calcium and phosphorus levels in saliva. © 2017 S. Karger AG, Basel Dental enamel is the hardest substance in the human body and contains the highest percentage of minerals. The mineralization of the dental enamel is a complex process involving the sequential passage of mineral ions across cell and fluid barriers, in which several key genes are involved in the enamel formation stages, mediated by the ameloblasts [Lacruz et al., 2012] .
enamel stability and protection [Hay et al., 1986; Larsen and Pearce, 2003] .
Calcium and phosphate levels in saliva are controlled by many factors, including host factors. Genes involved in the enamel development are candidates for altered levels of calcium and phosphorus in saliva. Therefore, the present study aimed to evaluate genetic variations in genes expressed in enamel development and their association with calcium and phosphorus levels in saliva.
Methods

Studied Population and Clinical Examination
The Human Ethics Committee of the PUC-PR and the Pittsburgh Institutional Review Board approved this study. Informed written consent was obtained from the parents, and age-appropriate assent documents were used for all children.
Two hundred and seventy-six biological unrelated children, with no syndrome and/or systemic illness, were included. They were 12-year-old students of both sexes from private and public schools of Curitiba, P.R., Brazil. This population has previously been described [Brancher et al., 2011] .
Saliva Collection Measurements
Salivary flow was evaluated by means of stimulated saliva collection. The method used was that of mechanical masticatory stimulation, using a piece of sterile rubber tourniquet of a standardized size (1.5 cm), masticated continuously by the patient for 6 min. Saliva produced during the first minute of stimulation was discarded. During the following 5 min, the patient expelled saliva into a sterilized universal collecting recipient that had been previously weighed using Marte_ analytical scales, model AL 500 (Sao Paulo, S.P., Brazil). Stimulated salivary flow rate was evaluated by means of the gravimetric method and expressed in milliliters per minute [BanderasTarabay et al., 1997] . Immediately following saliva collection, the salivary pH was assessed using a QUIMIS_ Q400BD pocket pH meter (direct electrode) (QUIMIS, Diadema, S.P., Brazil).
Calcium and phosphorus levels in whole saliva were determined at the Laboratory of Metals Toxicology, University of Sao Paulo in Ribeirao Preto (Brazil), by inductively coupled plasmamass spectrometry.
The remaining saliva was used for genomic DNA extraction from buccal cells for genotyping analyses. The extraction was performed according to an established protocol [Aidar and Line, 2007] .
Phenotype Determination
The phenotype determination of calcium and phosphorus was based on their values. Calcium and phosphorus were categorized as 'low' and 'high' level based on the medium value of each variable. Subjects with salivary calcium levels over the median value (9.84 μg/ml) were included in the 'high salivary calcium group'. Subjects with salivary phosphorus levels over the median value (126.81 μg/ml) were included in the 'high salivary phosphorus group'.
The caries phenotype was diagnosed using a modified World Health Organization guideline recommended for oral health surveys. Teeth lost to trauma or primary teeth lost to exfoliation were not included in the final DMFT scores. Carious lesions were recorded as present when a break in enamel was apparent on visual inspection. All the examiners carried out the clinical examination after being calibrated by an experienced specialist [Brancher et al., 2011] . The DMFT score ranged between 0 and 9, and 140 children were caries free.
Genotyping
Fifteen genetic variations were selected within 9 candidate genes. The selected genes were expressed during enamel formation and/or in the salivary gland. The studied genetic variations are described in table 1 . Genotype was assessed by polymerase chain reactions (PCR) with the Taqman method with the real-time PCR system ABI PRISM ® 7900HT Sequence Detection System (Foster City, Calif., USA). Probes were supplied by Applied Biosystems (Foster City, Calif., USA).
Statistical Analyses
Calcium and phosphorus values were analyzed as continuous variables and as dichotomous variables 'low' (n = 138) and 'high' (n = 138). Differences in genotype and allele frequencies were tested for all phenotypes. A genotype analysis was also performed in a recessive model. The differences between 'low' and 'high' groups were tested using χ 2 or Fisher's exact tests used with an established alpha of 5%. The t test was used to compare the difference between the means. Hardy-Weinberg equilibrium was evaluated using the χ 2 test within each single-nucleotide polymorphism.
Results
All markers studied were in Hardy-Weinberg equilibrium (data not shown). The mean calcium level was 11.34 μg/ml (±6.77), while the median was 9.84 (first to third quartile, Q1-Q3), 6.77-13.65). The mean phosphate level was 133.49 μg/ml (±36.94), while the median was 126.81 (Q1-Q3 109.32-149.47). Gender, ethnicity, age, oral hygiene habits, dietary factors and caries experience were not associated with calcium and phosphorus levels in saliva ( table 2 ). The population characteristics and distribution between low and high calcium and phosphorus groups are presented in table 2 .
The group with low phosphorus levels had an increased salivary flow (p = 0.012). The group with high calcium levels presented a more acid salivary pH (p = 0.023). The phosphorus level exhibited a borderline association with pH (p = 0.056). Table 3 demonstrated the genotype and the allele distribution between low and high calcium level groups. Allele distribution in AMELX was statistically different between groups (p = 0.021). For AMBN , both genotype and allele distribution were statistically different between the high and low calcium groups (p = 0.025 and p < 0.001). Two polymorphisms in ESRRB (rs745011 and rs6574293) were also associated with calcium level ( table 3 ). Also, in a recessive model, the polymorphism rs1077430 in ESRRB analysis demonstrated that the AA genotype was associated with low calcium level (OR = 2.3, 95% CI = 1.1-5.1; p = 0.036). Table 4 demonstrates the genotype and the allele distribution between low and high phosphorus level. Phosphorus level was associated only with the allele distribution of the genetic variant in ENAM ( p = 0.049).
Discussion
Intraoral mineralization capacity has been a matter of scientific interest for decades. To the best of our knowledge, this is the first study that aimed to evaluate the role of the genetic background in the calcium and phosphorus levels in saliva. We evaluated genes involved in enamel development due to the relationship that exists between the dental enamel and these components in saliva and caries susceptibility. To understand their relationship, it is important to know that the mature dental enamel is a crystalline structure containing up to 96% hydroxyapatite [Ca 10 (PO 4 ) 6 (OH) 2 ] by weight and with water and protein accounting for the other 4% [Mann and Dickinson, 2006] .
Here, we found that genetic variations in genes involved in enamel development are associated with the calcium and phosphorus levels in saliva. Some of our previous studies investigated the association between these genes and caries susceptibility and enamel alteration [Deeley et al., 2008; Tannure et al., 2012; Shimizu et al., 2012; Jeremias et al., 2013; Abbasoğlu et al., 2015; Bayram et al., 2015] . TUFT1 and TUIP11 were associated with variations in enamel microhardness [Shimizu et al., 2012] . ENAM was associated with enamel hypoplasia [Jeremias et al., 2013] . AMELX, TFIP11, ENAM, TUFT1, KLK4, AMBN and MMP20 also showed an association between some of these genes with caries susceptibility in primary and permanent dentition [Deeley et al., 2008; Tannure et al., 2012; Shimizu et al., 2012; Jeremias et al., 2013; Abbasoğlu et al., 2015; Bayram et al., 2015] .
Mature enamel contains enamel protein-specific peptides that can be recovered from mature contemporary teeth [Porto et al., 2006 [Porto et al., , 2011a , as well as from ancient teeth [Porto et al., 2011b] and fluorotic teeth [Porto et al., 2016] . Dissolution of the whole enamel allowed the identification of enamel protein-specific peptides [Castiblanco et al., 2015] . Superficial enamel etching with diluted hydrochloric acid and refinement of the recovery technique allowed the successful recovery of sex-specific peptides (dimorphic AMELX peptides) without destruction of the tooth crown [Stewart et al., 2016] . Peptides derived from AMELX splicing variants were also found, as well as AMBN and ENAM peptides [Stewart et al., 2016] . It is very likely that in the near future the genetic basis of enamel formation can be associated with the differences either in amino acid sequence or peptide concentration in the mature enamel. Our results demonstrated that the calcium level was associated with genetic variations in AMELX, AMNB and ESRRB . AMELX and AMNB are involved in enamel mineralization. Mutations in both these genes are responsible for the amelogenesis imperfecta phenotype (OMIN), which supports their link with enamel alterations as well as enamel mineralization. Also, the AMNB gene is located in the calcium-binding phosphoprotein gene cluster in chromosome 4.
Two genetic variations evaluated in ESRRB were associated with calcium level in saliva. Our previous work aimed to explore the role of ESRRB in the oral tissues and found an association of this gene with caries susceptibility as well as its expression in the salivary gland and in enamel development [Weber et al., 2014] . ESRRB is expressed in enamel development and could have a role in the calcium composition in the enamel. However, it is also possible that the association between ESRRB and calcium level in saliva occurs via salivary gland function. Although we demonstrated that this gene is expressed in salivary glands [Weber et al., 2014] , its role in salivary function is still unknown.
ESRRB is an estrogen-related receptor gene and presents similarities with the estrogen receptor. It is likely that this gene also participates in calcium balance. Calcium is a necessary component for the maintenance of healthy teeth. Calcium as well as phosphorus concentrations in saliva and plaque plays a key role influencing the tooth demineralization and remineralization processes. This process has a strong correlation with caries experience.
It is important to emphasize that other factors might be involved in calcium and/or phosphorus levels in saliva; however, in order to minimize our bias, the sample that we used in this work did not include children with systemic illnesses. In addition the groups with low and high calcium and phosphorus levels did not present a statistical difference between caries experience and other environmental factors.
Briefly, to the best of our knowledge, this is the first study to evaluate the association between calcium and phosphate levels in saliva. More studies should be performed to evaluate the role of other genes in saliva composition as well as in oral health.
Conclusion
Genetic variations in AMELX, AMNB and ESRRB are associated with the calcium level in saliva, while genetic variation in ENAM i s associated with phosphorus in saliva.
